regarded as truly civilized. A society that is not prepared to extend itself for such purposes as organizing life for tetraplegics is not really a society which is worth living in. In the last resort this is of course a moral issue. Either we think it is worth while to spend a great deal of time and trouble over ill and disabled people, or not. If we did not think so we would have no right to practise as doctors. What we must also do is to persuade society to sustain an equally humane and civilized order of priorities. DISCUSSION Dr W R S Doll (Medical Research Council, London) said that he would be sorry to imply that anybody in the room could disagree with anything which Professor Miller had said, and he would not take up his point about the possible effect of the use of clinical trials on the development of penicillin. He would, however, like to take up, possibly a little more constructively, the point he made about the difficulty of testing by the sacred technique of clinical trials the new therapies introduced in the modern intensive therapy unit. There was, he thought, no need for a trial of a treatment which brought back life to a person who had stopped breathing and he appreciated that within the intensive treatment centre, of whatever sort it might be, it was impossible for the group itself to carry out clinical trials, usually because the small number of patients treated made this impossible, and because it was ethically and emotionally impossible for them to do so.
There was a technique, however, which could on occasions be used, and it was worth giving thought to it when one wished to develop a new centre for highly specialized treatment. This was a technique by which patients could be referred to that centre at random, by a referee group outside. This might be particularly suitable for the treatment of acute leukemia. If a physician wanted to send a patient to the centre, he would refer the case to the referee group who would then, at random, pass it to the specialist intensive centre or send it back to the physician and say 'No, you treat this patient and we will compare results of expert treatment outside the centre with the results obtained inside'. A technique of this type was worth consideration although it was not a solution to all the problems. Although the subject suggested for this paper is already wide, I propose to extend it, or at least to interpret it more broadly than is, perhaps, required. I shall consider not only problems associated with the birth of the malformed, but also the scope for reduction of the frequency of malformations either by preventing conception or by inducing abortion. At the same time I propose to limit my task to this extent, that I shall confine examination to the present position without considering the possible consequences of future trends.
Prevention ofConception ofMalformations
Prevention would undoubtedly be the most attractive solution to the problems arising from serious malformations, and for those not troubled by religious objections, control of reproduction in families already affected, or likely to be affected, might appear to be the most promising measure. Unfortunately its usefulness would be very limited. Little is known about the hereditary basis of malformations, but it is sufficient to show that those due to single genes or chromosomal translocations, when the risk of recurrence is high and reasonably predictable, are uncommon. The genetic background of the common malformations is obscure, but recurrence rates in later sibs of affected children have been estimated in substantial series. In most cases the rates are considerably increased, but they are not so high as to be prohibitive to some parents. For example they are 1 in 20 and 1 in 50 for malformations of the central nervous system and heart respectively, and their reduction or elimination by avoidance of later pregnancies would have little effect on the incidence of the common conditions. There are other circumstances in which the frequency of malformations is known to be increased: for example in first-born; at late maternal ages; and at certain times in the year. The risk associated with first births cannot be evaded; but if the frequency of malformation were the only consideration in determining age of reproduction, it could be reduced, although not dramatically, by completion of families before, say, age 35. Another possibility is avoidance of conception in seasons when the risk of malformation is increased. In Britain, for example, anencephalus is about 50 % more common in summer than in winter conceptions. It is possiblewith so complex a problem it would be unwise to claim morethat this malformation might occasionally be prevented by altering the seasonal distribution of conceptions when the risk is already raised, for example following an anencephalic birth.
But even if all such preventive measures, based on genetic and other knowledge, could be consistently applied, their total effect on the incidence of malformations would be small. The large majority are unpredictable, and they are likely to remain so because they result mainly from accidents associated with fertilization, implantation and early development. Hence on the basis of present knowledge the problems presented by malformations must be tackled after fertilization, and we must now consider to what extent they can be resolved during pregnancy.
Elimination ofSerious Malformations during Pregnancy
Estimates of the incidence of malformations in early embryos are unreliable, but Japanese observations on induced abortions leave little doubt that it is much higher than in live births (Nishimura et al. 1966) . With due regard for the ethical questions referred to below, seriously malformed embryos or feetuses can be removed during pregnancy if they can be identified, or if, although unidentified, the risk of their presence is so high as to be unacceptable.
Few malformations are recognized during pregnancy, and none at the early stage when abortion is technically easy. Hydramnios sometimes draws attention to anencephalus and cesophageal atresia. A number of conditionsspina bifida, hydrocephalus, achondroplasia, abnormalities of bonemay be seen on X-ray; but their recognition would require routine radiology which at present dosages would be most undesirable. The scope for identification ofmalformations during pregnancy is indeed very limited and the vast majority are unsuspected before birth.
Apart from the uncommon genetic grounds already referred to, the most reliable evidence of high risk of malformations isin respectof maternal rubella and administration of certain drugs during pregnancy. The probability of early death or serious malformation following rubella infection in the mother during the first twelve weeks of pregnancy is certainly at least one in five (Sheridan 1964 ) and may approach one in two. The risks following consumption of drugs such as thalidomide are not accurately established, but they are undoubtedly high. In the latter case the remedy is clearly to avoid the use of toxic drugs; but a common infection such as rubella presents a more difficult problem, and when it has occurred in early pregnancy, abortion offers a means, on present knowledge the only means, of avoiding the high risk of birth of a malformed infant. But while rubella and thalidomide frequently lead to malformations, they are not common causes of malformations, and if all abnormalities attributable to these and the few other recognized teratogenic agents were eliminated, by prevention or abortion, the effect on the incidence of malformations in livebirths would be small.
The Problemfrom Birth
This brief review indicates that on the basis of existing knowledge the problem of congenital malformations must be expected to continue to present from birth at about its present formidable dimensions; indeed with the decline of other causes of early death its relative contribution to mortality has greatly increased. Between 1940 and 1964 the proportion of stillbirths and infant deaths attributed to malformations in Scotland rose from a tenth to nearly a quarter.
By combining observations on stillbirths and live births, the incidence of malformations has been estimated in fcetuses at the 28th week of gestation: in Birmingham in the years 1950-54 it was 17-6 per 1,000 in a population of 94,474 total births.1 However some malformations are not recognized at birth, and a follow-up to age 5 increased the estimate to 26-7. In this investigation a malformation was defined as 'an abnormality of structure attributable to faulty development'. This working definition excludes conditions such as neoplasia and biochemical disorders when they are not accompanied by structural malformations.
The problems presented by malformations from birth can be assessed by considering their effect on the duration and quality of life. It will also be convenient to examine here the extent to which the problems are being influenced by medical measures.
Fig 1 compares survival rates to age 5 of malformed and not malformed Birmingham births. Mortality was very high immediately before and after birth, and the proportion surviving dropped to a little over 60 % by the middle of the first year. From this time, however, survival rates were not much lower than for normal births, and approximately three-fifths were alive at 5 years. Data for a total population of malformed births are not available beyond this age. ' The investigation from which these data are derived was assisted by a grant from the Association for the Aid of Crippled Children Assessment of the influence of malformations on the quality of life and of the effect of medical measures is more difficult, and can hardly be tackled without separate consideration of different abnormalities. I shall restrict attention to the common ones whose incidence in Birmingham in 1950-54 was above 1-0 per 1,000 total births (Fig 2) . Together they account for about twothirds of all malformed births.
Three of these malformationstalipes, cleft lip (with or without cleft palate) and polydactylycan be dismissed in this context with little further comment. This is not to say that the presence of these abnormalities is a trivial matter for those affected; or that if apparently unaccompanied by other more serious malformations they have no significance in relation to expectation of life. Indeed survival rates to age 5 are somewhat lower for individuals with cleft palate and lip than for not malformed births, probably because of the presence of unrecognized internal malformations (McKeown & Record 1960) . But in comparison with the more serious conditions, talipes, cleft lip and polydactyly have relatively little effect on the duration or quality of life and certainly they raise no question concerning the desirability of continued existence.
For quite different reasons this question also does not arise in respect of anencephalus, one of the commonest abnormalities of the central nervous system. Over 90% of those affected are stillborn, and the remainder die within a few days of delivery. Hence unless some dexterous but misguided surgeon finds the means of prolonging the life of the anencephalic, the problems presented by this lethal condition will not extend beyond birth.
It is with the remaining four common malformations, or more accurately, groups of malformations (for both aetiologically and anatomically they are all heterogeneous) that assessment becomes really difficult. Table 1 shows the percentage of affected alive at different intervals between twenty-eight weeks' gestation and age 5 years. In relation to quality of life and the effect of medical measures they must be considered separately.
Mongolism
The early mortality of mongols is high, mainly because cardiac malformations are common, and only about two-thirds were alive at 1 year (Table  1) . From this age mortality was reduced, but it was still considerably higher than in normal births. Even so, probably at least half the mongols now survive to adult life, some to old age. Survival has so far been little affected by cardiac surgery, for which the mongol is not considered to have high priority; but it has undoubtedly been improved by the decline of infectious disease which has resulted from better environmental conditions.
The life of the mongol is that of the mentally subnormal, complicated in some cases by the presence of serious, usually cardiac, malformations. Since the problem of mental subnormality is the subject of a later paper in this Symposium it will not be discussed here. 
Cardiac Malformations
In Birmingham in the period 1950-54 the proportions of individuals who survived to age 5 were 27 % for total births and approximately 29% for live births (Table 1) . The latter is only about half the survival rate (60%) given by Hay (1966) for Liverpool live births in 1960-64; the difference is partly attributable to advances in treatment, but even more to a higher incidence of ventricular septal defect (for which mortality in the first 5 years is low) in Liverpool. To the extent that it reflects the substantial effects of treatment during the past decade, the Liverpool estimate is probably a more accurate indication of the present position.
Although there has been no detailed appraisal of the results of treatment, it is not too difficult to assess broadly its probable overall effect on duration and quality of life. In a number of malformationspatent ductus arteriosus, coarctation of the aorta, atrial and uncomplicated ventricular septal defects and pulmonary stenosis operation offers the prospect of a normal life to patients who would die early if untreated. In Fallot's tetralogy the hazards of operation are greater, but results can be dramatic, leading to full activity. In other conditions such as transposition of the arterial trunks, tricuspid atresia and aortic stenosis, where surgery is less successful, it is nevertheless worthwhile. Broadly it can be said that where surgery succeeds it usually restores the patient to what appears to be a normal life; unlike treatment of malformations of the central nervous system (discussed below) it does not prolong the existence of patients who will remain permanently and seriously disabled.
Spina Bifida
This condition raises, perhaps more acutely than any other, the difficult questions concerning the effectiveness and desirability of medical intervention; they will perhaps be a little easier if considered in relation to the Birmingham data.
Of the 206 total births with spina bifida, 75 % were live born but only 17 % were alive at one year; there was little further mortality before age 5 ( Table 1 ). The consequences of medical measures were investigated recently by Knox (1967) in the 65,935 Birmingham births in the years 1960-62. His conclusions were as follows.
There were 132 infants (liveborn and stillborn) with spina bifida; at four to five years after birth 13 were alive and well and 14 alive but disabled. With this incidence of disability, approximately 2 special school places are needed per 1,000 annual births. Knox examined the consequences of adopting either of the two treatment policies which he considers are likely to be favoured in future:
(1) Early operation upon children with no paralysis and no operations on other children. This would at least halve the number of disabled at 5 years, and would reduce the number of special school places to about 1 per 1,000 annual births.
(2) Early operation upon all viable affected children. This would approximately treble the number of disabled and increase the requisite special school places to about 7 per 1,000 annual births.
These estimates indicate that modern medical or surgical intervention offers a reasonably normal life to only a small proportion of those children who would otherwise have died or remained disabled. Moreover, the problem created for the medical and social, especially educational, services by the most active measures is potentially very considerable.
Hydrocephalus
Hydrocephalus is probably more heterogeneous etiologically than any of the other common malformations and many cases arise after birth from infection and trauma. So far as possible, postnatal cases have been excluded from the Birmingham series , and the 131 referred to in Table 1 are the congenital hydrocephalics without spina bifida or encephalocele. Nearly half were stillborn and three-quarters died before age 5.
There has been no comprehensive assessment of the results of the treatment developed in recent years, and the effect on duration and quality of life can be discussed only in general terms. Without surgical intervention approximately half of the liveborn hydrocephalics die within five years (Table 1: effective treatment was not available in the period 1950-54). Most of those that survive suffer from some degree of brain damage, and Laurence & Coates (1967) reported that 37 of 82 surviving patients were severely handicapped.
Appropriate surgical treatment greatly increases the percentage of liveborn patients who survive, probably to over 75 %, and in early progressive hydrocephalus it often prevents or minimizes further brain damage. Nevertheless, a considerable proportion of the patients saved by surgical intervention are seriously disabled, and they cannot always be distinguished clearly at the time of operation from those who will have little or, occasionally, no disability.
Discussion
On the basis of present knowledge the scope for preventing the conception of malformations, or for eliminating them by abortion during pregnancy, is small. A good deal can be done by treatment after birth, but even so the proportion of births whose lives can be substantially pro- longed is not high; certainly not more than 1 in 6 and probably less than 1 in 10. But to the extent that effective intervention is possible, it raises the familiar issues concerning the justification for preventing or terminating life, whether by active measures or by withholding treatment. Perhaps the first point to be made is that these are medical issues only to the extent that the doctor provides the information on which decision is based, and is the agent by whom it is implemented. But the primary right of decision is the patient's, or in the case of the malformed child who cannot act for himself, the parents'. This is true when the doctor advises the parents, or even when he is in effect asked to decide for them, as he commonly is, for example when a mother is confronted with the impossible choice between short term risk and long term cure from an operation on her child with a malformed heart. In some respects the doctor's position is analogous to that of the barrister, who tries to act for his client as the client would act for himself if he had the requisite knowledge and experience.
But the doctor's position is more complicated than the barrister's, in that there are considerable differences of medical opinion, particularly on ethical grounds, about the treatment which is appropriate and justifiable. In relation to malformations these differences are probably small concerning the advisability of conception, considerable in relation to abortion and very large on treatment after birth of a seriously malformed child.
The issues are somewhat simplified because the majority of the malformed survive without treatment or die in spite of it; they are also not too difficult when, as in cardiac malformations, the result is either cure or, less frequently, death which without operation would have been inevitable. The problem is really acute, however, in the case of malformations such as spina bifida, when the foreseeable consequence of surgery may be the survival of a child who will be paralysed for the rest of his life.
Confronted by this problem, which is not unique to the malformed, probably no doctor would wish to terminate life; but there are considerable differences of opinion about the measures which should be taken to prolong it. Since these differences are determined by religious and moral more than by professional convictions they must be respected; it would surely be wrong to require a doctor to refuse treatment to a patient he believes he can help. What can more reasonably be asked is that before making his decision the doctor should inform himself as fully as possible about its medical and social consequences. If there are grounds for dissatisfaction with the present position they are that medical opinion is often ill-informed rather than that, it is not uniform.
But if the doctor is to be free to decide treatment, what can prevent the imposition of an intolerable burden on the medical and social services? In spina bifida alone operation on all viable cases would require 7 places in special schools per 1,000 births. The answer to the problem, so far as there is one, lies not in directives to the doctor but in the disposition of medical resources. If ear, nose and throat surgeons are sent to the Black Country they must be expected to remove tonsils. The individual physician has to answer the question: Shall I refuse to help my patient ? But for the country as a whole, and for the Ministry of Health acting as its agent, the question takes the more amenable form: How best can limited resources be deployed? It is understandable that a surgeon may find it impossible to refuse to correct a cardiac malformation in a mongol child brought to him for assistance. But in establishing national priorities in the use of medical manpower, account can and should be taken of medical and social consequences, and it would undoubtedly show that there are more urgent requirements than thoracic units in mental subnormality hospitals. Such a decision cannot reasonably be censured as a denial of life to the handicapped, and if the time ever comes when resources are sufficient for all purposes the formidable question of medical priorities will no longer arise. The consequences of medical action could then be assessed solely on humanitarian grounds.
DISCUSSION
Mr L W Godfrey (Aylesbury) wished to take issue on the question of operating on spina bifida, and particularly on the figures quoted from Birmingham which indicated that, whether an operation was done on all cases or only on selected ones, there was no increase in the number of patients who were well at the age of five. This did not agree with Mr Sharrard's figures, which suggested that, if all cases were operated on, there would be a considerable increase in the number of children who were well at the age of 5. He wondered whether Professor McKeown Knox working in association with both the pathologist and the neurosurgeon and were, he believed, accurate. It was not suggested that there were no children who survived well in consequence of interference but the number was small. Mr D F Ellison Nash (London) felt that he must rise to the challenge concerning the spina bifida baby. The figures given were completely at variance with the figures coming from Sheffield and others centres where large numbers of these babies had been treated. The Sheffield figures (Lorber 1965) showed that 75 % of those operated on survived, and 50 out of 100 of those born could have a more or less normal education. Professor McKeown seemed to imply that the surgeon, in making his decision to operate, perhaps guided by the pidiatrician, should consider the social implications. However, the ptdiatrician, the family doctor, or the obstetrician who denied any child the right of immediate surgery or even surgical opinion when it was born with a deformity of this type was really accepting a very great responsibility, because the really dreadful problems which had to be faced at the moment in special schools, and in clinics generally, were the children with an ulcerated lump on their backs and severe hydrocephalus. They were still human beings and were reasonably intelligent. Criticism should not be levelled at those who wished to act to make their lot a little better rather than leave them in the hope that they would die. As Professor McKeown said, one ieally could not tell which of them would die. REFERENCE Lorber J (1965) In: Proceedings of a Symposium on Spina Bifida. National Fund for Research into Poliomyelitis and Other Crippling Diseases. London Professor McKeown thought there was little point in his entering into debate as to which were the more reliable figures. He believed the investigation from which he quoted was the most comprehensive yet made, but it was sufficient for the present purpose if the fact was accepted that the consequence of contemporary treatment was that a substantial number of disabled people survived who would not have done so otherwise. He could not believe that anyone would challenge that.
On the second point, he did not make himself clear if he gave the impression that he thought that surgeons ought not to do what they thought best. What he did say was that he thought the doctor should give advice in respect of contraception, abortion or treatment after birth, only after considering in full the medical and social consequences. He thought it could fairly be said that medical people had not, hitherto, always done that. It was a difficult requirement to meet because it entailed the assembling of quite large bodies of data and their critical evaluation. He said no more than that since medical people were the agents in these cases, they should make it their business to discover the effects of their actions and take their decision in the light of the consequences.
He assumed there would still be wide variation in decisions as to what was best in specific circumstances. He was not, and he thought he made this clear, criticizing a surgeon who decided that whatever the social consequences he must do the best for the individual brought to him. At the same time he believed national resources must be disposed with regard for social priorities.
